1. Introduction {#sec1}
===============

Mild cognitive impairment (MCI) is defined as a condition where changes in cognition exceed the normal, expected changes related to age, without affecting one person\'s daily activities [@bib1]. When these changes involve memory, we refer to the amnestic form of MCI (aMCI), which includes several features more likely to be related to the initial symptoms of Alzheimer\'s disease (AD), known as prodromal AD [@bib2], [@bib3], [@bib4].

Owing to the need to approach AD as early as possible, the issue of early diagnosis has become an important one for researchers. Recent evidence has revealed that the physiopathological process underlying AD starts several years before the first clinical symptoms are observed [@bib5]. However, in the absence of an ideal biomarker for AD diagnosis [@bib6], the diagnosis of the illness in usual clinical practice is still "probable" and based on the existence of clinical symptoms (e.g., memory). In that sense, the neuropsychological evaluation plays a major role in early diagnosis. Efficient neuropsychological tests also help to relativize the need of expensive and invasive examinations such as lumbar puncture for cerebrospinal fluid biomarker analyses. Moreover, several studies have revealed higher sensitivity for neuropsychological tests than for biomarkers when used alone [@bib7], [@bib8], [@bib9], [@bib10]. This is specially the case for episodic memory measures of delayed free recall, which often outperform biomarkers such as middle temporal lobe and hippocampal volumes and tau/β-amyloid ratios in the preclinical period [@bib11].

Different authors such as Loewenstein, Curiel, Duara, and Buschke ([@bib12], also see [@bib13]) have recently described the development and improvement of neuropsychological tests, making them cognitively more demanding and sensitive, minimizing possible compensating strategies, and targeting specific vulnerabilities of people with early AD.

One of the neuropsychological tests that have proven to be especially sensitive to early cognitive decline is the Free and Cued Selective Reminding Test (FCSRT, [@bib14], [@bib15], [@bib16]), recommended by the International Working Group for the assessment of episodic memory failure that constitutes the core feature of typical amnesic AD [@bib4], [@bib17]. The FCSRT has been used in the study of dementia since 1987 and has demonstrated high sensitivity and specificity in differentiating patients with AD from both healthy controls [@bib18] and those with other forms of dementia [@bib19], [@bib20], [@bib21].

To explain the rationale for the utility of the FCSRT, it is important to refer to a general model of the role played by temporal and frontal areas in declarative memory functioning. Two qualitatively different amnesic syndromes following damage to these regions have been postulated. In temporal amnesia, memory encoding and consolidation processes are affected and information cannot be recollected regardless of the facilitatory conditions (e.g., category cues) available at the time of retrieval. Conversely, although consolidation of the memory trace takes place normally in frontal lobe amnesia, the elaborative encoding of incoming information at the time of study and the ability to implement effective retrieval strategies at the time of memory testing are defective. Thus, these patients are generally poor in free recall procedures. Support for the existence of qualitatively different patterns of memory impairment following temporal versus frontal lobe damage comes from studies in patients with focal lesions in these two regions [@bib22], [@bib23] and from neuroimaging studies [@bib24].

The pathophysiological changes of AD and aMCI due to AD begin years before clinically evident manifestations of the disease. These neurodegenerative changes, and particularly the neurofibrillary tangles, begin primarily in the medial temporal lobe limbic structures (e.g., entorhinal/transentorhinal cortex, hippocampus) and then spread to the association cortices of the frontal, temporal, and parietal lobes over time [@bib25]. The memory deficits typically presented by patients with AD are therefore characterized as temporal, and sometimes they are known as the amnesic syndrome of the hippocampal type [@bib3], primarily identified by little improvement during recognition [@bib26] and by low delayed recall [@bib27]. Lipinska and Bäckman [@bib28] have, however, shown that cued recall can be better than free recall in situations of deep (semantic) learning. Altogether, if free recall is poor, but it improves with cues, it is likely that both, encoding and retrieval, are affected by AD. The present study will try to evaluate this contention.

The FCSRT assesses the ability to learn a list of 16 written words that are presented with a semantic cue (fruit, clothing) to facilitate memory encoding. After three learning trials, memory is assessed by asking to recall the words first spontaneously (free recall) and then with the help of a semantic cue for the nonrecalled items (cued recall). Compared with other memory tests, a major advantage of the FCSRT is controlling the encoding with semantic cuing. Semantic cuing also facilitates the retrieval of stored items, distinguishing between simple retrieval difficulties (improved by cues, and encountered, e.g., in frontal dysfunction) and genuine storage deficits (not improved by cues and characterizing typical AD). Therefore, the FCSRT enables the identification of memory storage deficits characterizing the amnesic syndrome of the hippocampal type [@bib3].

One important question around the FCSRT in patients with aMCI putatively representing a prodomic stage of AD is the extent to which a memory deficit can be located at the encoding process. If the rationale behind the FCSRT is that it allows to identify genuine encoding memory deficits, related to the temporal and hippocampal atrophies, it would be interesting to quantify the possible encoding deficit in these patients. The amount of help provided by the cues at recall will also allow to assess the idea of a coexistent retrieval deficit.

Two studies have so far compared patients with MCI with healthy controls using the FCSRT [@bib29]. Saka et al. [@bib30] first compared 18 MCI patients with controls and reported values of 50% and 90.9 %, respectively, for sensitivity and specificity for total recall, and 38.9% and 87.9%, respectively, for free recall. These values represent a low capacity of the FCSRT to discriminate between patients with MCI and controls. In a more recent study, Lemos et al. [@bib31] focused on patients with aMCI and controls, revealing significant differences between patients and controls for immediate and delayed recall. Cued recall, however, did not reach significance on immediate or delayed recall. Another important finding was that education, and gender did not show a significant effect on the FCSRT. This is important as it suggests that it might be a useful test even for patients with low educational level, irrespective of their gender. Finally, sensitivity was 72% and specificity 83% for total immediate recall, and 76% and 81%, respectively, for total delayed recall. Therefore, these studies show contradictory results and new studies are necessary to reassess the sensitivity and specificity of the FCSRT in aMCI.

The objective of the present study was to introduce for the first time the item-specific deficit approach (ISDA), to compare the performance of patients with aMCI and healthy controls on the FCSRT, following the NIA-AA\'s diagnostic criteria [@bib2], [@bib4] to quantify with a new method the difference between the two groups at encoding, consolidating, and retrieval in memory.

The ISDA [@bib32] and its construct validity were originally tested in a mixed sample of neurologically compromised individuals that included persons with HIV infection and traumatic brain injury [@bib31], [@bib33] using the California Verbal Learning Test. Results of this investigation showed acceptable internal consistency estimates (0.64--0.84) of the ISDA Encoding, Consolidation, and Retrieval indices and demonstrated evidence of construct separation as indicated by the lack of a significant correlation between the Consolidation and Retrieval indices [@bib32].

The ISDA can be applied to any episodic memory test where there are repeated learning trials and different types of recall (free and cued), as it is the case with the FCSRT. Oltra-Cucarella et al. [@bib34] recently used the method to test the encoding deficit hypothesis in AD. The results showed that encoding was indeed the most impaired process, followed by retrieval and then consolidation. Further analyses revealed that ISDA indices were more sensitive and specific for detecting memory impairments in AD than the raw scores.

In the present study, we expected to observe, as it was the case in patients AD [@bib34], an important encoding deficit in patients with aMCI, without excluding the possibility that consolidation and retrieval would also be affected.

2. Method {#sec2}
=========

2.1. Participants {#sec2.1}
-----------------

This study was carried out in accordance with the ethical guidelines laid in the Declaration of Helsinki (1964). Informed consent was obtained from all participants, and their privacy rights were always observed.

Fifty-three participants took part in this study, from which 27 (14 women) were diagnosed with aMCI (single or multidomain).

Patients with aMCI were identified by a neurologist (who also is a neuropsychologist), according to Petersen\'s criteria [@bib2], [@bib35] and operationalized as follows: (1) a complaint of memory decline (reported by the patient or an informant); (2) objective memory impairment (considered when the score on the memory subtest from the 7-minute screen test was \>1.5 standard deviations below age/education adjusted norms) with or without deficits in other cognitive domains; (3) largely normal daily-life activities (global CDR ≤ 0.5); and (4) absence of vascular burden (Fazekas maximum score 2, [@bib36]) or dementia.

The control group was composed of 26 cognitively healthy adults (15 women). There were no cognitive complaints by participants or informants, no evidence by history of functional impairment due to declining cognition, a Mini--Mental State Examination score of ≥27, and no cerebrovascular or other neurological or psychiatric disorder.

2.2. Procedure {#sec2.2}
--------------

Evaluation included the measure of depression symptoms by the Geriatric Depression Scale (GDS-15) [@bib37]. General cognitive profile was measured by the Mini--Mental State Examination [@bib38] (Spanish version by Lobo et al. [@bib39]) and the clock drawing test [@bib40]. Episodic memory was assessed by the 7-minute screen test [@bib41]. Finally, crystallized intelligence was measured by the vocabulary subtest [@bib42] and cognitive reserve by the Cognitive Reserve Scale [@bib43].

The FCSRT was administrated in accordance with the standard instructions (Buschke\'s FCSRT [@bib29] and Gramunt\'s [@bib44] Spanish version) and was used to derive conventional memory process indices, as well as ISDA indices. The test consisted of three immediate free recall trials, each of which was followed by a cued recall task. A 30-minute recall task (also free at first and then cued) was also introduced. Each participant was shown a sequence of four cards (DINA4), containing each 4 words. Each item belonged to a different semantic category, and participants were asked to identify each word aloud and state the semantic category for the words according to the semantic cue provided by the examiner (fruit, clothing, etc.). After the 16 items had been correctly identified, participants were asked to perform a nonsemantic interference task lasting 20 seconds (counting backward by threes). Once they had finished, participants were given 90 seconds to freely name the words they remembered (free recall). The task was interrupted if the participant was unable to recall any of the words during a 15-second interval. Following the free word recall, participants were cued using the previously mentioned semantic cue for those words they were unable to recall spontaneously (cued recall). This procedure was repeated three times. During the first two trials, if the participant was unable to recall the word with the help of the semantic cue, the examiner would state the word.

ISDA indices were calculated according to the procedure originally described by Wright et al. [@bib32]. The ISDA encoding deficit index is a reflection of acquisition across learning trials. It was calculated by determining the number of individual words on the learning phase, which were recalled only once or not at all over the three learning trials, divided by 16 (the total number of items) such that higher scores indicate worse performance. The ISDA consolidation deficit index was calculated as the number of items recalled more than once during list-learning, but not at all during delayed recall trials. This value was divided by the total number of words recalled at least once during learning trials to control for disparities in total word acquisition (range = 0 to 1). The ISDA retrieval deficit index was calculated by summing the individual items that were recalled at least once during list learning and at delayed cued recall divided by the total number of words recalled at least once during learning trials to control for varying levels of acquisition (range = 0 to 1). As ISDA indices are deficit indices rather than performance indices, higher deficit scores indicate poorer performance. Their sensitivity and specificity to aMCI were also calculated. Indeed, the need to report diagnostic test accuracy statistics (sensitivity and specificity) over null hypothesis testing as a way to ascertain the value of the tests has been recently emphasized by Weissberger et al. [@bib45].

3. Results {#sec3}
==========

[Table 1](#tbl1){ref-type="table"} presents recall performance on the FCSRT for aMCI and healthy participants for free and cued recall, including immediate and delayed recall. Percentages of explained variance (R^2^) are also included. As can be seen on [Table 2](#tbl2){ref-type="table"}, comparison of age, education, depression, cognitive reserve, and vocabulary levels between aMCI patients and controls revealed significant differences between groups for all variables except for cognitive reserve. Analyses of covariance controlling for age, education, depression, and vocabulary levels were therefore performed on the different recall measures. All recall measures, except delayed cued recall, revealed significant differences between groups. None of the covariates showed, however, a significant effect on the recall measures (all *P* \> .161 for immediate free recall, *P* \> .715 for immediate cued recall, all *P* \> .329 for total immediate recall, *P* \> .223 for delayed free recall, *P* \> .206 for delayed cued recall, and *P* \> .531 for delayed total recall).Table 1Recall performance on the FCSRT for patients with aMCI and controlsType of recallaMCIControls*PR*^*2*^Immediate free recall7.9 (5.4)25.3 (6.0)\<.001.75Immediate cued recall10.1 (5.8)16.8 (4.4)\<.001.24Total recall (max = 48)18.1 (10.6)42.1 (5.6)\<.001.66Delayed free recall1.6 (2.3)9.5 (2.5)\<.001.72Delayed cued recall3.8 (2.4)5 (2.0).05.01Total delayed recall (max = 16)5.4 (4.1)14.5 (1.9)\<.001.65[^1][^2]Table 2Demographics of patients with aMCI and controlsVariableaMCIControls*P*Age75.6 (5.6)68.6 (6.3)\<.001MMSE24.1(3.9)29.3 (0.9)\<.001Education7.6 (3.0)9.7(3.4)\<.005Depression4.9 (3.6)2.0 (1.6)\<.001Cognitive Reserve8.8 (3.9)14.8 (4.4).47WAIS Vocabulary30.3 (15.3)51.4 (7.2)\<.001[^3][^4]

We also compared free and cued recall within groups to assess the extent to which semantic cueing would help recall. The results showed that, when decomposing total recall, free recall was predominant in healthy controls, but cued recall was predominant in patients with aMCI. More specifically, whereas free recall performance was better than cued recall at immediate \[*t* (25) = −4.86; *P* \< .001, *d* = .95\] and delayed \[*t* (25) = 5.5; *P* \< .001, *d* = 1.1\] stages for healthy controls, the opposite pattern was observed in patients with aMCI: with cued recall higher than free recall at immediate \[*t* (26) = −3.08; *P* \< .01, *d* = .56\] and delayed \[*t* (26) = −4.86; *P* \< .001, *d* = .94\] recall.

[Fig. 1](#fig1){ref-type="fig"} represents mean ISDA indices (encoding, consolidation, and retrieval deficits) for patients with aMCI and control participants. We carried out a 2 (group) x 3 (type of index) analysis of variance, controlling for age, education, depression, and vocabulary levels as covariates. The results showed no main effects of any of these covariates (all *P* \> .478 for encoding, *P* \> .07 for consolidating, all *P* \> .352 for retrieval deficit indexes). The type of index did not reveal a significant main effect either, and it did not interact with education, depression, age, or cognitive reserve (all *P* \> .25). A significant effect of group was, however, revealed *F* (1, 47) = 27.78, *P* \< .0001, *η*~p~^2^ = .219, and it interacted significantly with the type of deficit index *F* (2, 94) = 13.21, *P* \< .0001, *η*~p~^2^ = .371.Fig. 1ISDA indices (encoding, consolidation and retrieval) for patients with aMCI and controls. Higher deficit scores indicate poorer performance. Error bars represent standard errors. Abbreviations: aMCI, amnestic mild cognitive impairment; ISDA, item-specific deficit approach. \* indicates significant difference at *P* \< .05 level.

Post hoc (Newman-Keuls) analyses revealed that the difference between patients with aMCI and controls was significant for the encoding (*P* \< .0001) and consolidating (*P* \< .01) deficit indexes, but not for retrieval (*P* \> .5).

To evaluate the diagnostic accuracy of the standard FCSRT and ISDA measures in discriminating aMCI from cognitively healthy controls, the receiver operating characteristic [@bib46], [@bib47] curve and the corresponding predictive values were performed. The receiver operating characteristic curves (see [Table 3](#tbl3){ref-type="table"}) revealed that the ISDA indices had good areas under the curve, with the Encoding deficit index revealing the best values (.97).Table 3AUCs for the three FCSRT ISDA indexes (encoding, consolidation, and retrieval) and 95% confidence intervalsISDA indexes and types of recallAUC95% confidence intervalsInferiorSuperiorEncoding Index.97.931.01Consolidation Index.79.67.91Retrieval Index.56.40.72Immediate free recall.98.951Immediate cued recall.81.70.92Total immediate recall.97.931Delayed free recall.98.951Delayed cued recall.66.51.81Total delayed recall.96.921[^5][^6]

The optimal cutoff scores for maximum accuracy (Youden index, [@bib48]) for the ISDA indices and recall measures, and their respective values of sensitivity, specificity, and confidence intervals are also presented in [Table 4](#tbl4){ref-type="table"}.Table 4Sensitivity and specificity with 95% confidence intervals in brackets for FCSRT ISDA indexes and standard measuresISDA indexes and types of recallSensitivitySpecificityCutoff scoreEncoding Index96.2 (81.1--99.3)96.3 (81.7--99.3)\<.16Consolidation Index73.1 (53.9--86.3)81.5 (63.3--91.8)\<.08Retrieval Index44.4 (27.6--62.7)80.8 (62.1--91.5)\<.40Immediate free recall89 (72--96)96 (81--99)\<16Immediate cued recall52 (34--69.3)96 (81--99)\<12Total immediate recall89 (72--96)96 (81--99)\<34Delayed free recall88 (72--96)100 (87--100)\<5Delayed cued recall74 (55--87)58 (39--75)\<5Total delayed recall85 (67--94)100 (87.1--100)\<9[^7][^8]

4. Discussion {#sec4}
=============

The aim of this study was to investigate episodic memory in patients with aMCI by applying a method (ISDA) that allows to dissociate the different mnemonic processes and quantify the possible deficits at encoding, consolidating, and retrieval. Our key prediction was that the main deficit would be located at the encoding stage, that is, the greater deficit index would be the encoding deficit index. That would confirm that early signs of memory difficulties in patients with aMCI are characterized as temporal or hippocampal deficits.

The results showed significant differences between patients with aMCI and controls in all FCSRT recall raw scores except in delayed cued recall. When analyzing the benefit of cues at recall, by comparing free and cued recall in both groups, the results revealed that cued recall was superior to free recall for both immediate and delayed recall in patients with aMCI (also see [@bib15]), but the opposite (better free than cued recall) was observed in healthy controls. Also the percentage of explained variance (R^2^) by the group effect on recall performance was greater for free than for cued recall in both immediate and delayed recall. This may be an important finding as the increase in cued recall observed in patients with aMCI in a situation of deep (semantic) learning suggests that part of the memory deficit observed in these patients relates to a difficulty in freely retrieving the material. It is however noteworthy that the very low delayed free (1.6 of 16) and cued (3.8 of 16) recall scores observed in these patients indicate that encoding of the items was poor. This is more so when considering that the low free delayed recall in patients with aMCI leaves more room for an increase in cued recall compared with healthy controls. The absence of significant differences in delayed cued recall between groups suggests therefore a signature for a clear encoding deficit in these patients.

When analyzing specifically encoding, consolidation, and retrieval processes using the ISDA method, we observed that the difference between patients with aMCI and controls was significant for the encoding and consolidating deficit indexes, but not for retrieval. Because the retrieval deficit index calculated for the FCSRT takes into account the number of items cued-recalled after a 30-minute delay, the present results, together with Oltra-Cucarella et al.\'s [@bib34], suggest that recall of items semantically encoded is a more resistant process, preserved in aMCI although affected in AD. Finally, it is worth noting that the results also revealed better sensitivity and specificity for free (delayed and immediate) than cued recall, confirming the idea that patients with aMCI also experience some difficulty with freely retrieving the items.

The encoding index came across as presenting the highest sensitivity (96.2%), with also high specificity (96.3%). Sensitivity and specificity were also high for standard recall measures. They were clearly higher than the ones observed in Saka et al.\'s [@bib30], where patients with MCI were not of amnestic profile.

Therefore, altogether, our results (recall performance, ISDA indices, areas under the curve, and sensitivity and specificity) confirm the hypothesis that there is a prominent encoding deficit in patients with aMCI. Consolidating is also affected, although in a smaller proportion.

In our analyses, none of the demographic variables (age, education, depression, crystallized intelligence, and vocabulary), considered as covariates in our analyses, showed a significant effect on the ISDA indices. Because most of the screening and cognitive tests are sensitive to education (i.e., [@bib49]), this is an important result as it offers the advantage to be a specifically sensitive test to study memory differences between aMCI and healthy older adults.

These patients with MCI presented with an amnesic profile (aMCI, single or multidomain). Some diagnostic guidelines (i.e., [@bib50]) recommend to include clinical information concerning biomarkers, as it may increase the likelihood of patients being in the AD continuum. In this study, we have not presented the results of core AD biomarkers, available in a small percentage of our patients. This might be considered a limitation. However, it is worth noting that Jack et al. [@bib50] emphasize that this biomarker research framework is "premature and inappropriate to use in general medical practice" because biomarkers are not always available (as was the case in our study due to different reasons). They conclude that the biomarker research framework "should not be used to restrict alternative approaches to hypothesis testing that do not use biomarkers" (p. 536). Future work might, however, consider to evaluate the relationship between the different FCSRT ISDA indices and core AD biomarkers.

To conclude, the present findings suggest that the ISDA analysis of FCSRT is a useful tool to confirm that a distinctive feature of memory deficits in patients with aMCI is located at the encoding memory stage. This is compatible with the pathophysiological changes of aMCI (a risk factor for AD), beginning primarily in the medial temporal limbic structures (e.g., entorhinal/transentorhinal cortex, hippocampus).Research in context1.Systematic review: We used MEDLINE, Scopus, and Web of Science to search, identify, and evaluate the accumulated knowledge related to our scientific question.2.Interpretation: By using a method (ISDA) that allows quantifying memory deficits, this study confirms the existence of a genuine memory problem in people with the amnestic form of mild cognitive impairment. It demonstrates that the most prominent difficulty observed in patients with amnestic mild cognitive impairment relates to encoding and then consolidating new information in episodic memory. These results reveal that an encoding deficit (as measured by the Free and Cue Selective Reminding test) is highly sensitive to early decline of memory and suggest to focus on this memory process as an early diagnostic sign of cognitive decline.3.Future directions: Future work could consider replicating these results in patients with biomarker evidence of Alzheimer\'s disease.
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[^1]: Abbreviations: aMCI, amnestic mild cognitive impairment; FCSRT, Free and Cued Selective Reminding Test.

[^2]: NOTE. Means and standard deviations (in brackets). Memory performance is significantly different between patients with aMCI and controls for all measures except for delayed cued recall.

[^3]: Abbreviations: aMCI, amnestic mild cognitive impairment; MMSE, Mini--Mental State Examination.

[^4]: NOTE. Means and standard deviations (in brackets). All variables that revealed a statistically significant difference between patients with aMCI and controls were controlled as covariates.

[^5]: Abbreviations: aMCI, amnestic mild cognitive impairment; AUC, area under the curve; FCSRT, Free and Cued Selective Reminding Test; ISDA, item-specific deficit approach.

[^6]: NOTE. The results show great AUC for most measures except for the Retrieval Index and delayed cued recall that seem to discriminate less well between patients with aMCI and controls.

[^7]: Abbreviations: aMCI, amnestic mild cognitive impairment; FCSRT, Free and Cued Selective Reminding Test; ISDA, item-specific deficit approach.

[^8]: The data reveal that the most sensitive and specific deficit index is the Encoding index. Cutoff scores (Youden index) are also included.
